associated with resistance to classes of antibiotics other than the β-lactams, thus severely limiting options for treatment. 2 Infection control guidance regarding the management of colonization by or infection with organisms that produce carbapenemases, such as NDM-1, have recently been published by Canadian and European authorities. [7] [8] [9] An essential component of these recommendations is the rapid and accurate identification of the organisms in a clinical microbiology laboratory. The Clinical Laboratory Standards Institute (CLSI) and the United States Centers for Disease Control and Prevention (CDC) recommend screening for the production of carbapenemase using the Modified Hodge Test. 10, 11 If the result of that test is positive, then the presence and type of carbapenemase can be confirmed by polymerase chain reaction. 4 Herein, we summarize two additional instances in which organisms producing NDM-1 were isolated from patients in Canada and the first where the organism appears to have been acquired in Canada.
Research CMAJ New Delhi metallo-β-lactamase-1 (NDM-1) is a recently identified metallo-β-lactamase that confers resistance to carbapenems and all other β -lactam antibiotics, with the exception of aztreonam. NDM-1 is also associated with resistance to many other classes of antibiotics. The enzyme was first identified in organisms isolated from a patient in Sweden who had previously received medical treatment in India, but it is now recognized as endemic throughout India and Pakistan and has spread worldwide. The gene encoding NDM-1 has been found predominantly in Escherichia coli and Klebsiella pneumoniae. We describe the isolation NDM-1-producing organisms from two patients in Toronto, Ontario. To the best of our knowledge, this is the first report of an organism producing NDM-1 that was locally acquired in Canada. We also discuss the evidence that NDM-1 can affect bacterial species other than E. coli and K. pneumoniae, the limited options for treatment and the difficulty laboratories face in detecting organisms that produce NDM-1.
Case one
An 86-year-old man was admitted to a tertiarycare teaching hospital in Toronto after having had a stroke. He was later discharged to a nearby inpatient facility for rehabilitation. The patient had not travelled outside of southwestern Ontario for at least the past 10 years. His medical history included previous strokes, type 2 diabetes mellitus, hypertension, atrial fibrillation, colon cancer, prostate cancer and colonization with methicillin -resistant Staphylococcus aureus (MRSA). At both the hospital and the rehabilitation facility, contact precautions were taken for MRSA colonization. The patient's stay at the rehabilitation facility was complicated by acute cholecystitis, and he was transferred back to the hospital where he was given treatment with intravenous ceftriaxone and metronidazole. A culture of the patient's urine grew a multidrug-resistant strain of Morganella morganii that showed intermediate susceptibility to ertapenem and susceptibility to meropenem based on testing with the Vitek-2 automated susceptibility testing system (bioMérieux, France) using the interpretive breakpoints stipulated in the CLSI Performance Standards for Antimicrobial Susceptibility Testing; Twentieth Informational Supplement (CLSI document number M100-S20, issued in January 2010). 12 Carbapenemases were not detected by the Modified Hodge Test. Be cause the patient had no urinary symptoms, the bacteriuria was not treated. The patient's condition improved after several days, and he was again discharged to the rehabilitation facility.
On readmission to the rehabilitation facility,
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CMAJ, August 9, 2011, 183(11) a culture of the patient's urine again grew a multidrug-resistant strain of M. morganii. This time, however, Vitek-2 testing showed that the organism was resistant to ertapenem but susceptible to meropenem. . Although a Modified Hodge Test of this isolate also gave a negative result for carbapanemases, as interpreted by both the hospital laboratory and a reference laboratory, 13 polymerase chain reaction showed that the organism possessed the gene encoding NDM-1 carbapenemase (bla NDM-1 ). Additional susceptibility testing showed that the organism possessed extensive resistance to drugs (Table 1 ). Because the patient was asymptomatic, he did not receive treatment.
A second test of the initial M. morganii isolate, which had shown intermediate resistance to ertapenem, showed that it was in fact positive for bla NDM-1 . Pulsed-field gel electrophoresis of the initial isolate and the subsequent ertapenem-resistant isolate showed that they were indistinguishable. 17 Investigations at both the hospital and the rehabilitation facility failed to identify a source for the organism. None of the patient's family members or friends had travelled to India or nearby regions, and the results of rectal swabs from members of the patient's immediate family were negative for NDM-1-producing organisms. Five months later, urine cultures from the patient continued to grow the NDM-1-producing isolate of M. morganii.
Case two
A 71-year-old female resident of Canada had travelled to India in September 2010 to have the Zamboni Liberation Procedure. 18 She had multiple sclerosis and a neurogenic bladder requiring a chronic indwelling urinary catheter. She had been admitted to a hospital in New Delhi, India, where she had stayed for 10 days. Her stay in hospital had been uncomplicated; her indwelling urinary catheter had not been changed, and no cultures had been taken.
Three days after being discharged from the hospital in India, upon her return to Canada, the patient became febrile and was seen in the emergency department of a tertiary-care teaching hospital in Toronto. Urine cultures grew Proteus mirabilis that was susceptible to cephalothin. The patient was given treatment with oral cephalexin and her symptoms resolved. Follow-up urine cultures taken two weeks later grew a strain of Providencia rettgeri, which Vitek-2 testing showed to be resistant to ertapenem and meropenem. The isolate was tested directly for carbapenemase genes by polymerase chain reaction, which gave a positive result for bla NDM-1 . Additional susceptibility testing showed that the strain was extensively resistant to drugs ( Table 1) . The patient had no urinary symptoms and was not given treatment. The Modified Hodge Test completed afterward was interpreted as having a negative result. Three months later, urine cultures from the patient continued to grow the NDM-1 -producing isolate of P. rettgeri.
Discussion
These two scenarios show that local acquisition of an organism producing NDM-1 has already occurred in Ontario, Canada, that bla NDM-1 has been found in bacterial species other than E. coli and K. pneumoniae, that treatment options are limited for infections with NDM-1-producing organisms, and that the detection of NDM-1-producing organisms by a laboratory can be difficult.
The second scenario describes the acquisition of an NDM-1-producing organism after receiving medical care while on the Indian subcontinent, the circumstances under which the majority of people have become colonized or infected so far. However, the patient in the first scenario had not travelled outside of southwestern Ontario for at least 10 years and had no family members or friends with any relevant history of travel. To the best of our knowledge, this is the first reported instance in which an NDM-1-producing organism was locally acquired in Canada.
Both of these scenarios show that bla NDM-1 can be found in bacteria other than E. coli and K. pneumoniae. Although bla NDM-1 has most commonly been associated with E. coli and K. pneumoniae, it appears able to readily transfer between common enteric bacteria. 2 Other organisms in which it has been described include Klebsiella oxytoca, Enterobacter cloacae, Proteus spp., and Citrobacter freundii. 2 Clinicians and clinical laboratories need to be aware of the diverse bacterial species in which bla NDM-1 has been detected. For the two scenarios we have described, M. morganii and P. rettgeri were both initially identified using the Vitek-2 microbial identification system, and the identification was confirmed using an API 20 E (bioMérieux, France).
These two scenarios also underscore the lack of options available for treatment when dealing with NDM-1-producing organisms.
2 Table 1 shows the extensive patterns of drug resistance of the organisms affecting our two patients. The only treatment option for the first patient was tigecycline, and the only treatment options for the second patient were tigecycline or chloramphenicol. Fortunately, both patients remained asymptomatic and did not need to receive any treatment.
It is important to highlight that screening for, and the subsequent treatment of, asymptomatic bacteriuria is not recommended for older adults Research or patients with catheters. 18 Indeed, for the patients described here, treatment may have been harmful owing to the risk of adverse effects and the potential for selection of additional antimicrobial resistance.
Given the extensive resistance to drugs and the risk of patient-to-patient transmission associated with NDM-1-producing isolates, the Public Health Agency of Canada recommends that patients identified as being infected with or colonized by an NDM-1-producing organism should be treated in single rooms using contact precautions and enhanced environmental cleaning for the duration of their stay in hospital. Should these patients be readmitted to hospital within 12 months, they should be assumed to be colonized and the same contact precautions should be taken. 7 If a patient's test results show that an NDM-1 -producing organism is first isolated more than 48 hours after admission, the patient's roommates should be screened to identify potential colonization or infection, and the hospital's laboratory records should be reviewed to identify any other NDM-1 -producing organisms isolated in the previous 6 to 12 months. If two or more patients within an organization are infected or colonized, active surveillance cultures are recommended for all people who may have had contact with the index patients. European guidelines recommend even more precautionary approaches to protecting patients admitted to hospital and suggest that all hospitals should have preparedness plans in place. 8, 9 Finally, both patients illustrate the challenges of detecting organisms that produce NDM-1. Relying on old CLSI interpretive standards without supplemental tests, such as the Modified Hodge Test, may incorrectly label a carbapenemase -producing organism as car bapenem susceptible, as in case one. To correct this, CLSI developed revised interpretive standards based on updated susceptibility testing data, pharmacokinetic and pharmacodynamic models and data on patient outcomes. 10 It will take time for commercial laboratory systems to reflect these new standards, and even when these standards are in place, routine susceptibility testing will not identify which carbapenemresistant organisms produce carbapenemase; additional tests will be needed. Since mechanisms of carbapenem resistance other than the production of carbapenemase do not have the same implications for infection control, the Modified Hodge Test is still recommended for this purpose. 10, 11 For both of the patients described in this report, the results of the Modified Hodge Test were interpreted as being negative (Appendix 1, available at www .cmaj .ca /lookup/suppl /doi:10-1503/cmaj.110477/-/DC1). We have since observed false-negative results with other NDM-1-producing organisms, 20 and similar results have been noted by other laboratories. 21, 22 We caution clinical laboratories in the interpretation and reporting of a "negative" Modified Hodge Test. To assure that NDM-1-producing bacteria are detected for epidemiologic purposes and infection control, we recommend that laboratories adopt alternate tests, such as inhibitor-disk analysis comparing susceptibility of suspect organisms to carbapenems with and without carbapenemase in hib itors. 13, 21 Alternatively, laboratories can adopt or work with reference laboratories to provide direct testing of all suspect organisms with polymerase chain reaction.
